Kinetic studies were carried out on the reaction of phenylmagnesium bromide with hex-l-yne in THF, and in the binary mixtures with toluene, chlorobenzene, and dichloromethane. The reaction was accelerated by additions of the non-donating solvents. An analysis in terms of the Kamlet-Taft equation revealed a rate decrease by the polarity of the solvents. The aromatic solvents plausibly enhance the reaction rate stabilizing the transition state via a π-π interaction.
INTRODUCTION
The decisive role of donor solvents in Grignard reactions has been known since long and refereed extensively [l * 3 '. Non-specific effects caused by solvent polarity and polarizability are usually masked by strong complexing effects. Although Agami' 4 ' predicted an importance of the non-specific solvation in the Grignard chemistry as early as 1967, this issue has been paid relatively little attention. Besides a general interest the effects of nonspecific solvation can be informative concerning the reaction mechanism. In an earlier series of works we were able to show quantitatively that transition states of the Grignard addition reaction to ketones are of lower polarity than the reagents thus probably having a cyclic structure' 5 " 8 '. A variation in the medium polarity was achieved by addition of n-heptane or dichloromethane to the Grignard reagent prepared in a donor solvent. Linear plots log k vs. Kirkwood function were obtained for the reactions of pinacolone with ethylmagnesium and n-propylmagnesium bromides' 61 , dipropylmagnesium' 5 · 7 ', and diphenylmagnesium' 8 '. The susceptibility of a reaction to the medium polarity was remarkably dependent on the donating ability of donors (ethers, amines)' .
Recently we made an attempt to apply the same method to the Grignard reaction of alkynes in order to get insight into the solvation phenomena' 10 '. The reaction of hex-l-yne with phenylmagnesium bromide (cf.Refs. 11,12) was selected as a model process. Kinetic studies were carried out on the reaction of phenylmagnesium bromide with hex-l-yne in diethyl ether, and in the binary mixtures of the ether with toluene, chlorobenzene, and dichloromethane. In this way reaction media of different polarity/polarizability were generated, the specific solvation of the reagents presumably being unchanged. The additions of toluene decreased the polarity and increased the polarizability of the solution, the addition of chlorobenzene and dichloromethane caused an increase in both the polarity and polarizability. However, all the added non-donating solvents caused an increase in the reaction rate reagardless of their possible polarity/polarizability contribution. The rate data were analyzed with the Koppel-Palm equation ' 13 " 1 , the terms for specific solvation being omitted: log k = log k 0 + yY + pP.
(1) The polarity, Y, and polarizability, P, were considered as Υ = (ε-1)/(2ε+1) and Ρ = (n 2 -l)/(n 2 +l). Although the overall correlation was merely satisfactory statistically significant values for the polarity and polarizability terms -1.02 and 9.4 respectively were found. The negative sign of the constant y indicates somewhat lesser polarity of the transition state in comparison with the reactants. This seems to be consistent with the four-centre mechanism for the reaction postulated by Dessy et al' 1415 '. On the contrary, the solvent polarizability term was less comprehensible in this context. To ensure an objective interpretation of the data the density functional theory calculations were addressed (cf. Ref. 16 ). The principal question was aimed to whether an alkyne molecule can directly attack the organomagnesium compound giving rise to an SEI type reaction or a preceding replacement of a solvent molecule is necessary. The main conclusions drawn from the investigation were as follows. The reaction between an alkyne and Grignard reagent comprises two consecutive steps, the first consisting in the replacement of a coordinated solvent molecule by the alkyne, and followed by a unimolecular reaction of the complex. The complex-formation equilibrium is shifted far towards the initial reagents, therefore inspite of a fast rearrangement of the complex to products the overall reaction is slow. Additions of non-donating solvents enhance the reaction rate presumably by shifting the replacement equilibrium in favour of the complex formation. Besides that a susceptibility of the reaction rate to changes in the solvent polarity is evident. In this work we extended our investigation to THF solutions and complexes in order to ascertain the validity of the former conclusions in the case of a considerably stronger complexing agent.
RESULTS AND DISCUSSION
The kinetics of the slow but sufficiently exothermic reaction was followed thermographically by means of the initial rates method similarly to our previous works' 10171 . Phenylmagnesium bromide was prepared in THF and required reagent solutions were obtained by addition of appropriate amounts of toluene, chlorobenzene or dichloromethane to the initial reagent. The results of the kinetic measurements are presented in Table 1 . The rate constants are mean values for several parallel runs the reproducibility of the data being within ± 5% deviations. The reaction rate in THF and in the solvent mixtures is slightly lower than in diethyl ether' 101 . The difference is more pronounced in binary mixtures which only excert a moderate effect on the rate of the reaction in the case of THF. 19) , entangles a straightforward comparison of kinetic data for the ethers; however, it is obvious that a stronger solvation of the species makes the complex formation with the alkyne less favourable. A treatment of the experimental data analogous to our previous work using the Koppel-Palm equation (1) did not lead to a satisfactory correlation. However, as is seen from Fig.l , the rate constants reveal a tendency to decrease with an increase in the medium polarity. In order to level off the solvation equlibria shifts, phenylmagnesium bromide -THF complexes were prepared (see Materials and Methods) and dissolved in the nondonating solvents. Corresponding rate constants are presented in Table 1 (entries 4,6, and 8). In parallel to the Koppel-Palm equation the Kamlet-Taft equation proved to be useful for describing of solvent effects in many cases 1, 20 '. While an application of the Kamlet-Taft equation to reactions in binary solvents is complicated the data for THF complexes in the solvents can be considered in terms of a reduced Kamlet-Taft equation (2), i.e. without the terms for specific solvation, log k = log KO + dö + SJI* (2) In eq. (2) π* is a solvent dipolarity parameter and d& is a polarizability correction term with δ taken as 0.5 for polyhalogenated solvents, 1.0 for aromatic solvents, and zero for all others. The number of experimental data does not permit any statistical treatment; however, the data afford some speculations upon details of the reaction. When solving eq. (2) for our data the most self-consisting results can be obtained using the unity δ-values for the aromatic solvents and a zero-value taken for dichloromethane. Then the susceptibility factor for the medium polarity, s = -1.8, the sign of which is consistent with the results from the Koppel-Palm equation (see also Fig. 1 ). We consider plausible that the observed contribution of the medium polarizability in case of both THF and diethyl ether mixtures is specific for phenylmagnesium halides and due to stabilizing π-π interactions in the transition state of the reaction as visualized in Scheme 1. 
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Scheme 1
The transition state can be slightly less polar than the initial complex, as the results above do indicate. However, regardless of the S E reaction mechanisms among which our case can be classified, except the SET mechanism, a charge derealization in the benzene ring must occur thus providing a chance for an actually specific interaction with aromatic solvent molecules in the transition state. The hypothesis will probably be verified by the density functional theory (DET) calculations of the reaction mechanism that are in progress.
MATERIALS AND METHODS
Materials. All the operations with the reagents and solutions were carried out under dry argon. The Grignard reagents in THF were prepared in the conventional manner. The reagents in binary solutions were obtained by dilution the Grignard reagent with appropiate amounts of the ether and/or of the nondonating solvent. The PhMgBr and THF complexes in nondonating solvents were prepared by evaporating the ordinary reagent solution at 15 mmHg and 20°C and dissolving the residue of stoichiometry PhMgBr χ (3.38±0.03) THF in the nondonating solvent. A similar treatment of the initial reagent at 90°C leads to a complex PhMgBr χ 1.83 THF. Kinetic measurements. The reaction was carried out in a glass vessel mantled with foam plastic and placed in a thermostated housing. The equipment was sealed with a thermostated lid. The reaction cell was provided with a mechanical stirrer and a thermistor that was connected through a bridge circuit to a recording potentiometer. All parts of the equipment as well as the reagents were thermostated. The reaction vessel was purged thoroughly with pure argon, 15 ml of the Grignard reagent was cannulated into the cell and the strirring was starter. After the thermal equilibrium was set 0.92 ml of hex-l-yne was introduced and the temperature change of the reaction solution (usually 0.1-0.2°C) was recorded as a plot of temperature (expressed in mm) versus time. Because the system was nearly adiabatic the heat exchange with the internal part of the calorimeter only caused a little heat loss. The zeroeth-order initial rate constants in mol.r'.s" 1 were obtained dividing the rate constants in mm s"' determined as the slope of the tangent to the kinetic curve in its initial point, by the molar temperature rise of the reaction (in mm mol" 1 ). The latter was determined from the experiments with diethyl ether (see Ref. 10 ) and corrected for the heat capacity difference. The second-order rate constants were obtained by dividing the initial rate constants by initial concentrations of hex-l-yne and the Grignard reagents.
